(19) 



J 



EuropMlsches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(ID EP 0 829 110 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
27.1 1 .2002 Bu Met in 2002/48 

(21) Application number: 96916795.6 

(22) Date of filing: 30.04.1996 



(51) lntCl7: H01Q 9/30, H01Q 1/38, 
H01Q5/00 

(86) International application number: 
PCT/US96/08046 

(87) International publication number: 

WO 96/038879 (05.12.1996 Gazette 1996/53) 



(54) PRINTED MONOPOLE ANTENNA 

GEDRUCKTE MONOPOLANTENNE 
ANTENNE UNIPOLAIRE IMPRIMEE 



00 

O 

l— 

<J> 
CM 
00 

o 

Q. 
LU 



(84) Designated Contracting States: 
DE FR GB IT SE 

(30) Priority: 02.06.1995 US 459237 

(43) Date of publication of application: 
1 8.03.1 998 Bu lletin 1 998/1 2 

(73) Proprietor: Ericsson Inc. 

Research Triangle Park, NC 27709 (US) 

(72) Inventors: 

• HAYES, Gerard, J. 

Wake Forest, NC 27587 (US) 

• LAMPE, Ross, W. 
Raleigh, NC 27609 (US) 

(74) Representative: 

Holmberg, Nils Anders Patrik et al 
Dr Ludwig Brann Patentbyra AB 
P.O. Box 17192 
104 62 Stockholm (SE) 



(56) References cited: 
EP-A- 0 590 534 
EP-A- 0 642 189 
DE-A- 4 324 480 



EP-A- 0 61 6 383 
WO-A-91/05374 



ELECTRONICS LETTERS, vol. 30, no. 21, 13 
October 1994, STEVENAGE GB, pages 
1725-1726, XP002011407 LEBBAR ET AL.: 
"Analysis and size reduction of various printed 
monopoles with different shapes" 
MOTOROLA TECHNICAL DEVELOPMENTS, vol. 
6 , no. 1, October 1986, SCHAUMBURG, ILLINOIS 
US, pages 24-25, XP00201 1408 HIGBY ET AL. : 
"HIGH FREQUENCY WHIP ANTENNA (800 MHz)" 
CONFERENCE PROCEEDINGS RF EXPO WEST 
1995 EMC/ESD INTERNATIONAL , 29 January 
1995-1 February 1995, SAN 
DIEGO/CALIFORNIA, pages 117-124, 
XP000492813 BREED: "Multi-Frequency 
Antennas For Wireless Applications" 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP 0 829 110 B1 



2 



Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 

[0001] The present invention relates to monopole an- 
tennas for radiating and receiving electromagnetic sig- 
nals and, more particularly, to a printed monopole an- 
tenna including a conductive element which defines an 
extended ground plane to prevent the radiation of cur- 
rents from a portion of the printed monopole radiating 
element. 

2. Description of Related Art 

[0002] With respect to portable radios, cellular tele- 
phones, and other communication equipment, it has 
been found that a monopole antenna mounted perpen- 
dicularly to a conducting surface provides an antenna 
having good radiation characteristics, desirable drive 
point impedance, and relatively simple construction. 
Moreover, as compared with a dipole antenna, the mo- 
nopole antenna is smaller in size and may be viewed as 
an asymmetric dipole antenna in which the monopole 
radiating element is one element and a radio case or the 
like is the other element. Because reduction in size is a 
desirable characteristic, certain monopole designs, 
such as the helical configuration disclosed in U.S. Pat- 
ent 5,231 ,412 to Eberhardt et al., have been utilized. By 
doing so, the physical length of the radiating element is 
significantly less than a corresponding straight wire ra- 
diator, but exhibits the same effective electrical length. 
[0003] Nevertheless, reduction of physical size reduc- 
es the operating radiation bandwidth of an antenna due 
to changes in the input impedance over frequency. This 
reduction in bandwidth results from the combination of 
lower radiation resistance due to smaller antenna size 
and of a larger amount of stored energy, causing a high 
Q and low radiation bandwidth. In order to overcome this 
problem of reduction in operating radiation bandwidth, 
it has been found that a sleeve surrounding the monop- 
ole radiating element is able to extend the ground plane 
and therefore produce a virtual feedpoint at a designat- 
ed location along the radiating element. This extension 
of the ground plane then has the effect of extending the 
radiation bandwidth, as seen in U.S. Patent No. 
5,231 ,41 2 and Japanese Patent No. 53-82246 to Taka- 
hashi. 

[0004] Although helical radiating elements and corre- 
sponding sleeves therearound have been generally ef- 
fective for their intended purpose, it has been difficult to 
manufacture such antennas within strict tolerance re- 
quirements. Moreover, even though such antennas 
have been able to reduce the physical length of such 
antennas, they have had the adverse effect of inherently 
increasing the diameters thereof. Accordingly, it would 
be desirable to develop a monopole antenna which is 



able to reduce the overall size thereof instead of just the 
physical length, as well as one which may be produced 
in a very precise fashion. Moreover, it would be desira- 
ble for such a monopole antenna to require a reactive 
element which is positioned only adjacent to one side of 
a portion of the radiating element, thereby eliminating 
the requirement for such reactive element to encircle the 
radiating element. 

[0005] WO-91/05374 describes a broadband monop- 
ole antenna having a radiating element extending verti- 
cally with respect to a horizontal ground plane having 
upper and lower conductive sheets formed on opposite 
faces of a dielectric substrate. The two conductive 
sheets are separated by a slot parallel to the ground 
plane. The capacitance of that slot is used to maintain 
a low input impedance for the antenna over a wide fre- 
quency range. DE 4324480 describes an aerial arrange- 
ment with a monopole aerial having a radiator and a 
counterweight, in which the radiator and the counter- 
weight are each connected at opposite feed points to 
one conductor of a lead. EP 0 61 6 383 describes a half- 
wave dipole antenna arranged on one side of a single 
printed circuit board having two arms which are of equal 
length arranged on the edge of the board. 
[0006] In light of the foregoing, a primary object of the 
present invention is to provide a monopole antenna hav- 
ing a configuration which increases the operating radi- 
ation bandwidth thereof. 

[0007] Another object of the present invention is to 
provide a monopole antenna having a configuration 
which reduces the overall size thereof. 
[0008] Yet another object of the present invention is 
to provide a monopole antenna with a conductive ele- 
ment which extends the ground plane, where the size 
of the reactive element is minimized. 
[0009] A further object of the present invention is to 
provide a monopole antenna which can be constructed 
within very tight tolerances. 

[0010] Another object of the present invention is to 
provide a monopole antenna having a virtual feedpoint 
from the end of a conductive element that defines an 
extended ground plane. 

[0011] A further object of the present invention is to 
provide a printed monopole antenna constructed on a 
printed circuit board. 

[0012] Still another object of the present invention is 
to provide a printed monopole antenna in which the ra- 
diating element is configured to have a physical length 
less than its electrical length. 

[0013] Another object of the present invention is to 
provide a printed monopole antenna which is operable 
within two separate frequency bandwidths. 
[0014] Yet another object of the present invention is 
to provide a printed monopole antenna which operates 
as a half-wavelength antenna at a frequency within a 
first frequency bandwidth and as a quarter- wavelength 
or half-wavelength antenna at a frequency within a sec- 
ond frequency bandwidth. 
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[0015] These objects and other features of the 
present invention will become more readily apparent up- 
on reference to the following description when taken in 
conjunction with the following drawing. 

SUMMARY OF THE INVENTION 

[0016] In accordance with one aspect of the present 
invention, a printed monopole antenna is disclosed hav- 
ing a printed circuit board with a first side and a second 
side, a monopole radiating element comprising a first 
narrow conductive trace formed on the printed circuit 
board first side, the first, thin conductive trace having a 
physical length from a feed end to an opposite end, and 
a conductive element comprising a second conductive 
trace wider than the first conductive trace formed on the 
printed circuit board adjacent, in parallel with, and over- 
lapping a substantial portion of the first narrow conduc- 
tive trace. The second conductive trace has a physical 
length from a grounding end to an opposite end. The 
second conductive trace extends the ground plane 
above the feed end of the first narrow conductive trace. 
The opposite end of the second conductive trace de- 
fines a virtual feedpoint of the monopole radiating ele- 
ment thereby increasing the bandwidth within which the 
monopole radiating element resonates. The conductive 
element defines an extended ground plane which pre- 
vents the radiation of currents from that portion of the 
first conductive trace adjacent the second conductive 
trace. The second conductive trace may be formed on 
the same side of the printed circuit board as the first con- 
ductive trace or on the opposite side. The second con- 
ductive trace may also be formed on either or both sides 
of the first conductive trace. 

[0017] In accordance with further aspects of the 
present invention, a third conductive trace is formed, ei- 
ther on an adjacent printed circuit board or adjacent to 
the first conductive trace on the printed circuit board first 
side, in order to permit the printed monopole antenna to 
operate within two separate frequency bandwidths. Al- 
ternatively, a parasitic element may be positioned on the 
printed circuit board second side at an end opposite the 
reactive element to permit dual frequency band opera- 
tion of the printed monopole antenna. 

BRIEF DESCRIPTION OF THE DRAWING 

[0018] While the specification concludes with claims 
particularly pointing out and distinctly claiming the 
present invention, it is believed that the same will be bet- 
ter understood from the following description taken in 
conjunction with the accompanying drawing in which: 

Fig. 1 is a schematic left side view of a printed mo- 
nopole antenna in accordance with the present in- 
vention; 

Fig. 2 is a schematic right side view of the printed 
monopole antenna depicted in Fig. 1 ; 



Fig. 3 is an exploded schematic side view of the 
printed monopole antenna depicted in Figs. 1 and 2; 
Fig. 4 is a schematic view of the printed monopole 
antenna depicted in Figs. 1 and 2 mounted on a ra- 
s dio transceiver after it has been overmolded; 

Fig. 5 is a schematic left side view of an alternative 
embodiment for the printed monopole antenna of 
the present invention; 

Fig. 6 is an exploded schematic side view of a print- 
10 ed monopole antenna operable within two separate 
frequency bandwidths, where the radiating element 
is two conductive traces formed on separate printed 
circuit boards; 

Fig. 7 is an exploded schematic side view of alter- 
15 native configuration for a printed monopole antenna 
which is operable within two separate frequency 
bandwidths, where the radiating element is two con- 
ductive traces formed on the same side of a single 
printed circuit board; and 
20 Fig. 8 is an exploded schematic side view of another 
alternative configuration for a printed monopole an- 
tenna operable within two separate frequency 
bandwidths, where the radiating element is a single 
conductive trace formed on one side of a printed 
25 circuit board which is tuned by a parasitic element 
on the opposite side of the printed circuit board. 

DETAILED DESCRIPTION OF THE INVENTION 

30 [0019] Referring now to the drawings in detail, where- 
in identical numerals indicate the same elements 
throughout the figures, Figs. 1 -4 depict a printed monop- 
ole antenna 10 of the type utilized with radio transceiv- 
ers, cellular telephones, and other personal communi- 

35 cations equipment having a single frequency bandwidth 
of operation. As seen in Figs. 1 -3, printed monopole an- 
tenna 1 0 includes a printed circuit board 12, which pref- 
erably is planar in configuration having a first side 14 
(Fig. 1) and a second side 16 (Fig. 2). It will be noted 

40 that printed monopole antenna 1 0 includes a monopole 
radiating element in the form of a first conductive trace 
18 formed on first side 14 of printed circuit board 12. In 
addition, a conductive element in the form of a second 
conductive trace 20 is formed on second side 1 6 of print- 

45 ed circuit board 1 2. Second conductive trace 20 defines 
an extended ground plane 21 (denoted by a dashed line) 
which prevents the radiation of currents from printed 
monopole antenna 10 over that portion of first conduc- 
tive trace 18 aligned with second conductive trace 20. 

50 in this way, a virtual feedpoint 22 is defined for printed 
monopole antenna 1 0 along extended ground plane 21 . 
[0020] More specifically, it will be seen that printed cir- 
cuit board 12, which acts as a supporting surface, is 
preferably sized to accommodate first conductive trace 

55 18. Accordingly, printed circuit board 12 includes a first 
rectangular section 24 adjacent a feed end 26 of anten- 
na 10 and a second rectangular section 28 extending 
from first rectangular section 24 away from feed end 26. 



3 



5 



EP 0 829 110 B1 



6 



It will also be understood that printed circuit board 12 is 
made of a dielectric material, and optimally a flexible di- 
electric material in order to permit some degree of flex- 
ing or bending without breakage. Examples of flexible 
dielectric material which may be utilized include polya- 5 
mide and polyester film from conductive materials (e.g., 
copper) and conductive inks. 

[0021] With respect to the radiating element of printed 
monopole antenna 10, first conductive trace 18 is 
formed on first side 1 4 of the printed circuit board 1 2 by 
film photo-imaging processes or other known tech- 
niques. Due to the equipment available for performing 
this task, adherence to strict size and design tolerances 
is permitted. First conductive trace 18 may be linear in 
configuration along printed circuit board 12, but it is pre- 
ferred that at least a portion thereof be non-linear as 
identified generally by numeral 30. In this regard, first 
conductive trace 18 has a physical length l 1( with a feed 
end 32 and an opposite end 34. Feed end 32, which may 
be directly connected to the main control circuit for a 
radio transceiver, cellular telephone, or other communi- 
cation device, preferably is coupled to a signal feed por- 
tion 36 of a feed port 38 (e.g., a coaxial connector). 
[0022] As seen in Figs. 1 and 3, non-linear portion 30 
of first conductive trace 1 8 has a crank or square-wave 
type configuration. As such, non-linear portion 30 has 
what may be termed a duty cycle 40 defined as the dis- 
tance between forward edges of adjacent cranks (see 
Fig. 3). While duty cycle 40 depicted in Figs. 1 and 3 
remains substantially constant, the actual distance be- 
tween cranks, as well as the pattern utilized, may be 
modified according to the needs of a specific applica- 
tion. In this way, first conductive trace 18 may be con- 
figured to have an electrical length approximately equiv- 
alent to a quarter-wavelength or half -wavelength for a 
desired center frequency of antenna operation, as well 
as another other desired size. Further detail for the de- 
sign of conductive traces is found in U.S. Patent Appli- 
cation Serial No. 08/459,959, titled "Antenna Having 
Electrical Length Greater Than Its Physical Length," 
filed concurrently herewith, which is owned by the as- 
signee of the present invention. 
[0023] With respect to second conductive trace 20 
formed on second side 16 of printed circuit board 12, it 
will be noted that it has a physical length l 2 which ex- 
tends from a grounding end 42 to an opposite end 44 
(see Fig. 3). It will be understood that physical length l 2 
of second conductive trace 20 defines the distance in 
which the ground plane of printed monopole antenna 1 0 
is extended. Therefore, it is at opposite end 44 thereof 
that extended ground plane 21 and virtual feedpoint 22 
of printed monopole antenna 1 0 is located. It is a feature 
of the present invention that second conductive trace 20 
acts to increase the bandwidth within which first conduc- 
tive trace 18 will be resonant. For example, bandwidths 
of approximately an octive have been achieved (i.e., 
where the high end of the frequency band is approxi- 
mately twice the low end of the frequency band). This is 



a marked improvement of bandwidths currently 
achieved ranging between 5-1 0% of the center frequen- 
cy. Further, it will be recognized thatthe increased band- 
width need not be equally distributed higher and lower 
of the center frequency, such as when the antenna is 
sized near a half-wavelength of the center frequency. 
[0024] Grounding end 42 of second conductive trace 
20 is preferably coupled to a ground portion 46 of feed 
port 38. Accordingly, it will be noted that grounding end 
42 of second conductive trace 20 is adjacent feed end 
32 of first conductive trace 1 8. Second conductive trace 
20 is shown as being formed entirely within first rectan- 
gular section 24 of printed circuit board second side 16 
(although second conductive trace 20 could extend into 
second rectangular section 28 of printed circuit board 
12), where it functions to prevent the radiation of cur- 
rents from non-linear portion 30 of first conductive trace 
18 aligned therewith. Although not shown, second con- 
ductive trace 20 could also be wrapped around the feed 
end of printed circuit board 1 2 and extend onto first side 
14 thereof. Accordingly, due to the planar configuration 
of printed monopole antenna 10, the physical length of 
the radiating element (first conductive trace 1 8) is re- 
duced, as well as the overall size of the conductive ele- 
ment (second conductive trace 20). 
[0025] As is well known, the electrical length of an an- 
tenna's radiating element determines the center fre- 
quency of desired antenna operation. While the electri- 
cal length of first conductive trace 18 may be equivalent 
to physical length \ A thereof when it has a linear config- 
uration, it will be understood that the electrical length of 
first conductive trace 18 will be greater than physical 
length \ A when it includes a non-linear portion such as 
that shown at 30. Preferably, first conductive trace 18 
will have an electrical length which corresponds to either 
a quarter-wavelength or a half-wavelength for a desired 
center frequency. In order to provide an impedance 
match for broadband operation of printed monopole an- 
tenna 10, which generally is targeted at 50 ohms, the 
electrical length of second conductive trace 20 is sized 
accordingly with respect to the electrical length of first 
conductive trace 1 8. 

[0026] As seen in Fig. 4, printed monopole antenna 
10 is coupled to a radio transceiver 48 such as by feed 
port 38. In order to protect printed monopole antenna 
1 0from environmental factors, as well as provide a more 
aesthetically pleasing appearance, it is preferred that 
printed monopole antenna 1 0 be overmolded by rubber- 
izing the outside of printed monopole antenna 1 0 or oth- 
erwise coating it with molded material having a low die- 
lectric loss. For further detail on the construction of print- 
ed monopole antenna 10, see U.S. Patent No. 
5,709,832 entitled "Method of Manufacturing A Printed 
Antenna," filed concurrently herewith, which is also 
owned by the assignee of the present invention. 
[0027] As seen in Fig. 5, second conductive trace 20 
may alternatively be formed on first side 14 of printed 
circuit board 12 adjacent first conductive trace 18. See- 
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ond conductive trace 20 will function as described pre- 
viously herein with respect to the embodiment depicted 
in Figs. 1-3 to form extended ground plane 21 and virtual 
feed point 22 of printed monopole antenna 10. Although 
depicted as being positioned to each side of first con- 
ductive trace 1 8 in Fig. 5, it will be understood that sec- 
ond conductive trace 20 may be positioned to only one 
side thereof. 

[0028] In order to permit printed monopole antenna 
10 to operate within dual frequency bands, a second ra- 
diating element in the form of a third conductive trace 
50 may be provided as described in more detail in U.S. 
Patent Application Serial No. 08/459,553 entitled "Mul- 
tiple Band Printed Monopole Antenna," filed concurrent- 
ly herewith, which is owned by the assignee of the 
present invention. As will be seen in Fig. 6, third con- 
ductive trace 50 is formed on a side 54 of a second print- 
ed circuit board 52 opposite first conductive trace 18. 
Preferably, third conductive trace 50 has a physical 
length l 3 substantially equivalent to physical length ^ of 
first conductive trace 18. However, it will be seen that 
third conductive trace 50 will have an electrical length 
less than that of first conductive trace 1 8 since it has an 
entirely linear configuration. In order to better separate 
the respective frequency bands radiated by first conduc- 
tive trace 1 8 and third conductive trace 50, first conduc- 
tive trace 18 may entirely have a non-linear configura- 
tion (e.g. , the crank or square wave type disclosed here- 
in), which provides a greater distinction in the respective 
electrical lengths of first and third conductive traces 1 8 
and 50, respectively. In this regard, it may be preferred 
for first conductive trace 1 8, which will be resonant with- 
in a lower frequency band, to have an electrical length 
equivalent to a half -wavelength or a quarter-wavelength 
of a first desired center frequency and third conductive 
trace 50, which will be resonant within a higher frequen- 
cy band, to have an electrical length equivalent to a half- 
wavelength of a second desired center frequency. 
[0029] It will be seen from Figs. 6 and 7 that first con- 
ductive trace 1 8 behaves as the principle radiating ele- 
ment with a direct contact to a radio transceiver, cellular 
telephone, or other communication device. Second con- 
ductive trace 20, which performs the function of a con- 
ductive element, enhances the performance within both 
frequency bands radiated by first and third conductive 
traces 1 8 and 50. Since the presence of third conductive 
trace 50 has little effect on first conductive trace 18, an 
optimized response can be achieved for both frequency 
bands of operation. 

[0030] An alternative configuration for printed monop- 
ole antenna 10 being operable over a dual frequency 
band is shown in Fig. 7 and described in more detail in 
the aforementioned patent application entitled "Multiple 
Band Printed Monopole Antenna." As seen therein, third 
conductive trace 50 is located adjacent first conductive 
trace 1 8 on first side 1 4 of printed circuit board 1 2. Other 
than being located on the same printed circuit board ad- 
jacent to first conductive trace 18, third conductive trace 



50 has the same physical characteristics as that de- 
scribed above and functions in the same manner. 
[0031 ] A further alternative configuration for a printed 
monopole antenna 1 0 to be operated over two separate 

s frequency bands is shown in Fig. 8 and described in de- 
tail in U.S. Patent Application Serial No. 08/459,553 en- 
titled "Multiple Band Printed Monopole Antenna," filed 
concurrently herewith, which is also owned by the as- 
signee of the present invention. In this design, a para- 

10 sitic element 56 is provided on second side 1 6 of printed 
circuit board 12 at an end opposite second conductive 
trace 20. Parasitic element 56, such as a copper strip, 
is used to tune the secondary resonance of first conduc- 
tive trace 18 so that a second frequency band (other 

15 than an integer multiple of the frequency band radiated 
by first conductive trace 1 8 at primary resonance) is pro- 
duced. It will be understood that the configuration of Fig. 
8 employing parasitic element 56 is based on the same 
printed monopole antenna 10 described hereinabove, 

20 as is that shown with the configurations depicted in Figs. 
6 and 7. 



Claims 

25 

1 . A printed monopole antenna (1 0) having a ground 
plane (21) defined substantially perpendicular 
thereto including: 

30 (a) a printed circuit board (1 2) having a first side 

(14) and a second side (16); 

(b) a monopole radiating element including a 
first conductive trace (18) formed on said print- 
ed circuit board first side, said first narrow con- 

35 ductive trace having a physical length from a 

feed end to an opposite end; and 

(c) a conductive element including a second 
conductive trace (20) wider than said first nar- 
row conductive trace formed on said printed cir- 

^0 cuit board adjacent, in parallel with, and over- 

lapping a substantial portion of said first narrow 
conductive trace, said second conductive trace 
having a physical length from a grounding end 
to an opposite end; 

45 

wherein said second conductive trace ex- 
tends the ground plane above the feed end (26) of 
the first narrow conductive trace and wherein the 
opposite end of said second conductive trace de- 
50 fines a virtual feedpoint (26) of said monopole radi- 
ating element thereby"increasing the bandwidth 
within which said monopole radiating element res- 
onates. 

55 2. The printed monopole antenna of claim 1 , wherein 
said second conductive trace is formed on said 
printed circuit board second side. 
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3. The printed monopole antenna of claim 1 , wherein 
said second conductive trace is formed on said 
printed circuit board first side. 

4. The printed monopole antenna of claim 1 , wherein 
said second conductive trace prevents currents 
from radiating over the substantial portion of said 
first conductive trace overlapping said second con- 
ductive trace. 

5. The printed monopole antenna of claim 1 , wherein 
said printed circuit board is made of a flexible die- 
lectric material. 

6. The printed monopole antenna of claim 1 , wherein 
the electrical length of said first conductive trace de- 
fines the center frequency of antenna operation 
within a first frequency band. 

7. The printed monopole antenna of claim 1 , wherein 
said physical length of said second conductive trace 
determines the impedance match for broadband 
operation of said antenna. 

8. The printed monopole antenna of claim 1 , wherein 
said printed circuit board, said first conductive trace, 
and said second conductive trace are overmolded. 

9. The printed monopole antenna of claim 1 , wherein 
the substantial portion of said first conductive trace 
is non-linear, whereby said physical length of said 
first conductive trace is less than an electrical length 
for said first conductive trace. 

1 0. The printed monopole antenna of claim 9, said non- 
linear portion of said first conductive trace having a 
square wave configuration. 

11. The printed monopole antenna of claim 1, further 
including a feed port (38) including a signal feed 
portion (36) and a ground portion (46), said signal 
feed portion being coupled to said feed end of said 
first conductive trace and said ground portion being 
coupled to said grounding end of said second con- 
ductive trace. 

12. The printed monopole antenna of claim 1 1 , wherein 
said feed port comprises a coaxial connector. 

13. The printed monopole antenna of claim 1 , wherein 
said monopole radiating element has an electrical 
length substantially equivalent to said physical 
length of said first conductive trace. 

14. The printed monopole antenna of claim 1 , wherein 
the physical length of said second conductive trace 
is less than the physical length of said first conduc- 
tive trace. 



15. The printed monopole antenna of claim 1 , wherein 
the electrical length of said first conductive trace is 
approximately equivalent to the quarter-wavelength 
of a desired center frequency for antenna operation. 

5 

16. The printed monopole antenna of claim 1 , wherein 
an electrical length of said first conductive trace is 
approximately equivalent to a half-wavelength of a 
desired center frequency for antenna operation. 

10 

17. The printed monopole antenna of claim 1, further 
including: 

(a) a second printed circuit board (52) having a 
15 first side (54) and a second side, said second 

printed circuit board being spaced from said 
first printed board so that said first printed cir- 
cuit board first side is adjacent said second 
printed circuit board second side; and 
20 (b) a third conductive trace (50) formed on said 

second printed circuit board first side; 

wherein said first conductive trace has an 
electrical length resonant within a first frequency 
25 band and said third conductive trace has an electri- 
cal length resonant within a second frequency 
band. 

18. The printed monopole antenna of claim 1, further 
30 including a third conductive trace (50) formed on 

said printed circuit board first side adjacent said first 
conductive trace, wherein said first conductive trace 
has an electrical length resonant within a first fre- 
quency band and said third conductive trace has an 
35 electrical length resonant within a second frequen- 
cy band. 

19. The printed monopole antenna of claim 1, further 
including a parasitic element (56) formed on said 

40 printed circuit board second side, said parasitic el- 
ement being located at said end opposite said sec- 
ond conductive trace, wherein said first conductive 
trace has an electrical length resonant within a first 
frequency band and said parasitic element tunes 

45 said first conductive trace to a secondary reso- 
nance within a second frequency band. 

20. An antenna (10) for a communication device, a 
housing (48) for said communication device defin- 

50 jng a ground plane (21) including: 

(a) a feed port (36) including a signal feed por- 
tion (36) and a ground portion (46); 

(b) a printed circuit board (12) having a first side 
55 (14) and a second side (16); 

(c) a monopole radiating element including a 
first narrow conductive trace (18) formed on 
said printed circuit board first side, said first nar- 
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det ist, wobei diese erste schmale leitende Spur 
eine physikalische Lange von einem Speiseen- 
de zu einem gegenuberliegenden Ende hat; 
und 

5 

(c) einem leitenden Element einschlieBlich ei- 
nerzweiten leitenden Spur (20), breiter ais die 
erste schmale leitende Spur, an derLeiterplatte 
angrenzend an, und parallel zu der ersten 
10 schmalen leitenden Spur und einen wesentli- 

chen Abschnitt davon iiberlappend, wobei die 
zweite leitende Spur eine physikalische Lange 
von einem Masseende zu einem gegeniiberlie- 
genden Ende hat; 

15 

wobei die zweite leitende Spur die Massee- 
bene oberhalb des Speiseendes (26) der ersten 
schmalen leitenden Spur verlangert und wobei das 
gegenuberliegende Ende der zweiten leitenden 
20 Spur einen virtuellen Speisepunkt des Monopolab- 
strahlelementes definiert, hierdurch die Bandbreite 
erhohend, innerhalb der das Monopolabstrah (ele- 
ment mitschwingt. 

25 2. Gedruckte Monopolantenne nach Anspruch 1 , wo- 
bei die zweite leitende Spur an der zweiten Seite 
der Leiterplatte ausgebildet ist. 



row conductive trace having a physical length 
from a feed end coupled to said signal feed por- 
tion of said feed port to an opposite end; 
(d) a conductive element including a second 
conductive trace (20) wider than the first narrow 
conductive trace formed on said printed circuit 
board in parallel with and overlapping a portion 
of said first narrow conductive trace, said sec- 
ond conductive trace having a physical length 
from a grounding end coupled to said ground 
portion of said feed port to an opposite end, 
wherein said grounding end of said second 
conductive trace is located at the same end as 
said feed end of said first conductive trace; 

wherein said second conductive trace ex- 
tends the ground plane above the feed end (26) of 
said first narrow conductive trace and wherein an 
opposite end of said second conductive trace de- 
fines a virtual feedpoint (22) of the antenna thereby 
increasing the bandwidth within which said monop- 
ole radiating element resonates. 

21 . The antenna of claim 20, wherein said second con- 
ductive trace prevents currents from radiating over 
that portion of said first conductive trace aligned 
with said second conductive trace. 

22. The antenna of claim 20, wherein said second con- 
ductive trace is formed on said printed circuit board 
second side. 

23. The antenna of claim 20, wherein said second con- 
ductive trace is sized to provide an impedance 
match with said first conductive trace. 

24. The antenna of claim 20, wherein the physical 
length of said second conductive trace is sized to 
provide an impedance match with said first conduc- 
tive trace. 

25. The antenna of claim 20, wherein that portion of 
said first conductive trace aligned with said second 
conductive trace is non-linear. 



PatentansprOche 

1 . Gedruckte Monopolantenne (1 0) mit einer Massee- 
bene (21), die im wesentlichen senkrecht dazu de- 
finiert ist einschlieBlich: 

(a) einer Leiterplatte (12) mit einer ersten Seite 
(14) und einer zweiten Seite (16); 

(b) einem Monopolstrahlungselement ein- 
schlieBlich einer ersten leitenden Spur (1 8), die 
auf der ersten Seite der Leiterplatte ausgebil- 



3. Gedruckte Monopolantenne nach Anspruch 1 , wo- 
30 bei die zweite leitende Spur an der ersten Seite der 

Leiterplatte ausgebildet ist. 

4. Gedruckte Monopolantenne nach Anspruch 1 , wo- 
bei die zweite leitende Spur das Abgestrahltwerden 

35 von Stromen uber den wesentlichen Abschnitt der 
ersten leitenden Spur, den die zweite leitende Spur 
uberlappt, verhindert. 

5. Gedruckte Monopolantenne nach Anspruch 1 , wo- 
40 bei die Leiterplatte aus flexiblem dielektrischem 

Material hergestellt ist. 

6. Gedruckte Monopolantenne nach Anspruch 1 , wo- 
bei die elektrische Lange der ersten leitenden Spur 

45 die Mittenfrequenz des Antennenbetriebs innerhalb 
eines ersten Frequenzbandes definiert. 

7. Gedruckte Monopolantenne nach Anspruch 1 , wo- 
bei die physikalische Lange der zweiten leitenden 

so Spur die Impedanzanpassung fur den Breitbandbe- 
trieb der Antenne bestimmt. 

8. Gedruckte Monopolantenne nach Anspruch 1 , wo- 
bei die Leiterplatte, die erste leitende Spur und die 

55 zweite leitende Spur umformt sind. 

9. Gedruckte Monopolantenne nach Anspruch 1 , wo- 
bei der wesentliche Abschnitt der ersten leitenden 
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Spur ntchtlinear ist, wobei die physikalische Lange 
der ersten leitenden Spur geringer ist als eine elek- 
trlsche Lange fur diese erste leitende Spur. 

10. Gedruckte Monopoiantenne nach Anspruch 9, wo- 
bei der nichtlineare Abschnitt der ersten leitenden 
Spur eine Rechteckwellenkonfiguration hat. 

11. Gedruckte Monopoiantenne nach Anspruch 1, au- 
Berdem einen Speiseanschluss (38) einschlieBend 
einschlieBlich eines Signalspeiseabschnittes (36) 
und eines Masseabschnittes (46), wobei der Si- 
gn alspeiseabschnitt mit dem Speiseende der er- 
sten leitenden Spur gekoppelt ist und der Masse- 
abschnitt mit dem Masseende der zweiten leiten- 
den Spur gekoppelt ist. 

1 2. Gedruckte Monopoiantenne nach Anspruch 1 1 , wo- 
bei der Speiseanschluss einen Koaxialverbinder 
umfasst. 

13. Gedruckte Monopoiantenne nach Anspruch 1, wo- 
bei das monopolstrahlende Element eine elektri- 
sche Lange im wesentlichen aquivalent zur physi- 
kalischen Lange der ersten leitenden Spur hat. 

14. Gedruckte Monopoiantenne nach Anspruch 1 , wo- 
bei die physikalische Lange der zweiten leitenden 
Spur geringer ist als die physikalische Lange der 
ersten leitenden Spur. 

15. Gedruckte Monopoiantenne nach Anspruch 1 , wo- 
bei die elektrische Lange der ersten leitenden Spur 
annahernd aquivalent zu der Rechteckwellen lange 
einer gewunschten Mittenfrequenz fur den Anten- 
nenbetrieb ist. 

16. Gedruckte Monopoiantenne nach Anspruch 1 , wo- 
bei eine elektrische Lange der ersten leitenden 
Spur annahernd aquivalent einer halben Wellenlan- 
ge einer gewunschten Mittenfrequenz fur den An- 
tennenbetrieb ist. 

17. Gedruckte Monopoiantenne nach Anspruch 1, au- 
Berdem einschlieBend: 

(a) eine zweite Leiterplatte (52) mit einer ersten 
Seite (54) und eiher zweiten Seite, die zweite 
Leiterplatte beabstandet von der ersten Leiter- 
platte derart, dass die erste Seite der ersten 
Leiterplatte angrenzt an die zweite Seite der 
zweiten Leiterplatte; 

(b) eine dritte leitende Spur (50), ausgebildet 
an der ersten Seite der zweiten Leiterplatte; 

wobei die erste leitende Spur eine elektrische Lan- 
genresonanz hat innerhalb eines ersten Frequenz- 



bandes und die dritte leitende Spur eine elektrische 
Langenresonanz innerhalb eines zweiten Fre- 
quenzbandes hat. 

s 18. Gedruckte Monopoiantenne nach Anspruch 1, au- 
Berdem eine dritte leitende Spur (50) umfassend, 
ausgebildet an der ersten Seite der Leiterplatte an- 
grenzend an die erste leitende Spur, wobei die erste 
leitende Spur eine elektrische Langenresonanz in- 
fo nerhalb eines ersten Frequenzbandes hat und die 
dritte leitende Spur eine elektrische Langenreso- 
nanz innerhalb eines zweiten Frequenzbandes hat. 

19. Gedruckte Monopoiantenne nach Anspruch 1, au- 
15 Berdem ein parasitares Element (56) einschlie- 
Bend, das ausgebildet ist an der zweiten Seite der 
Leiterplatte, wobei das parasitare Element ange- 
ordnet ist an dem Ende gegenuber der zweiten lei- 
tenden Spur, wobei die erste leitende Spur eine 

20 elektrische Langenresonanz innerhalb eines ersten 
Frequenzbandes hat und das parasitare Element 
die erste leitende Spur abstimmt auf eine zweite 
Resonanz innerhalb eines zweiten Frequenzban- 
des. 

25 

20. Antenne (10) fur eine Kommunikationseinrichtung, 
ein eine Massenebene (21) definierendes Gehause 
48 fur diese Kommunikationseinrichtung, ein- 
schlieBlich: 

30 

(a) eines Speiseanschlusses (36) 
einschlieBlich eines Signalspeicherabschnitts 
(36) und eines Massenabschnitts (46); 

35 (b) eine Leiterplatte (1 2) mit einer ersten Seite 

(14) und einer zweiten Seite (1 6); 

(c) ein monopolstrahlendes Element ein- 
schlieBlich einer ersten schmalen leitenden 

40 Spur (18) ausgebildet an der ersten Seite der 

Leiterplatte, wobei die erste schmale leitende 
Spur eine physikalische Lange von einem Spei- 
seende, das mit dem Signalspeiseabschnitt 
des Speiseanschlusses gekoppelt ist zu einem 
45 gegenuberliegenden Ende hat; 

(d) ein leitendes Element einschlieBlich einer 
zweiten leitenden Spur (20), breiter als die er- 
ste schmale leitende Spur und ausgebildet an 

so der Leiterplatte parallel zu der ersten schmalen 

leitenden Spur und einen Abschnitt hiervon 
uberlappend, wobei die zweite leitende Spur ei- 
ne physikalische Lange von einem Masseende 
hat, das gekoppelt ist mit dem Masseabschnitt 
55 des Speiseanschlusses zu einem gegenuber- 

liegenden Ende, wobei das Masseende der 
zweiten leitenden Spur angeordnet ist am sel- 
ben Ende wie das Speiseende der ersten lei- 
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tenden Spur; 

wobei die zweite leitende Spur die Masseebene 
oberhalb des Speiseendes (26) der ersten schma- 
len leitenden Spur verlangert und wobei ein gegen- 
uberliegendes Ende der zweiten leitenden Spur ei- 
nen virtuellen Speisepunkt (22) der Antenne defi- 
niert, wodurch die Bandbreite erhoht wird, innerhalb 
der das Monopolabstrahlelement mitschwingt. 

21 . Antenne nach Anspruch 20, wobei die zweite leiten- 
de Spur das Abstrahlen von Stromen uber den Ab- 
schnitt der ersten leitenden Spur, der ausgerichtet 
ist mit der zweiten leitenden Spur, verhindert. 

22. Antenne nach Anspruch 20. wobei die zweite leiten- 
de Spur ausgebildet ist auf der zweiten Seite der 
Leiterplatte. 

23. Antenne nach Anspruch 20, wobei die zweite leiten- 
de Spur in ihrer GroBe bemessen ist, urn eine Im- 
pedanzanpassung mit der ersten leitenden Spur 
bereitzustellen. 

24. Antenne nach Anspruch 20, wobei die physikali- 
sche Lange der zweiten leitenden Spur in ihrer Gro- 
Be bemessen ist zum Bereitstellen einer Impe- 
danzanpassung mit der ersten leitenden Spur. 

25. Antenne nach Anspruch 20, wobei der Abschnitt 
der ersten leitenden Spur, der ausgerichtet ist mit 
der zweiten leitenden Spur, nichtlinear ist. 



Revendications 

1 . Antenne de type monopdle irnprimee (1 0) ayant un 
plan de masse (21) defini de facon sensiblement 
perpendiculaire a celle-ci, comportant : 

(a) une carte de circuit imprime (12) ayant une 
premiere face (14) et une seconde face (16) ; 

(b) un element rayonnant de type monopdle 
comportant une premiere trace conductrice 
(18) formee sur la premiere face de ladite carte 
de circuit imprime, ladite premiere trace con- 
ductrice etroite ayant une longueurphysique al- 
lant d'une extremite formant source primaire a 
une extremite opposee ; et 

(c) un element conducteur comportant une se- 
conde trace conductrice (20) plus large que la- 
dite premiere trace conductrice etroite formee 
sur ladite carte de circuit imprime de facon ad- 
jacente, parallele, et superposee a une partie 
importante de ladite premiere trace conductrice 
etroite, ladite seconde trace conductrice ayant 
une longueur physique allant d'une extremite 
de mise a la masse a une extremite opposee ; 



dans laquelle ladite seconde trace conductri- 
ce s'etend du plan de masse, au-dessus de I'extre- 
mite formant source primaire (26) de la premiere 
trace conductrice etroite, et Pextremite opposee de 
5 ladite seconde trace conductrice definissant un 
point de source primaire virtuelle (26) dudit element 
rayonnant de type monopdle, af in d'augmenter ain- 
si la largeur de bande a Pinterieur de laquelle reson- 
ne ledit element rayonnant de type monopdle. 

10 

2. Antenne de type monopdle irnprimee selon la re- 
vendication 1 , dans laquelle ladite seconde trace 
conductrice est formee sur ladite seconde face de 
ladite carte de circuit imprime. 

15 

3. Antenne de type monopdle irnprimee selon la re- 
vendication 1 , dans laquelle ladite seconde trace 
conductrice est formee sur ladite premiere face de 
ladite carte de circuit imprime. 

20 

4. Antenne de type monopdle irnprimee selon la re- 
vendication 1 , dans laquelle ladite seconde trace 
conductrice empeche des courants de rayonner sur 
la partie importante de ladite premiere trace con- 

25 ductrice superposee a ladite seconde trace conduc- 
trice. 

5. Antenne de type monopdle irnprimee selon la re- 
vendication 1 , dans laquelle ladite carte de circuit 

30 imprime est constitute d'un materiau dielectrique 
souple. 

6. Antenne de type monopdle irnprimee selon la re- 
vendication 1 , dans laquelle la longueur electrique 

35 de ladite premiere trace conductrice definit la fre- 
quence centrale de fonctionnement de I'antenne a 
Pinterieur d'une premiere bande de frequences. 

7. Antenne de type monopdle irnprimee selon la re- 
40 vendication 1 , dans laquelle ladite longueur physi- 
que de ladite seconde trace conductrice determine 
I'adaptation d'impedance pour un fonctionnement a 
large bande de ladite antenne. 

45 8. Antenne de type monopdle irnprimee selon la re- 
vendication 1 , dans laquelle ladite carte de circuit 
irnprimee, ladite premiere trace conductrice, et la- 
dite seconde trace conductrice sont surmoulees. 

50 9. Antenne de type monopdle irnprimee selon la re- 
vendication 1 , dans laquelle la partie importante de 
ladite premiere trace conductrice est non lineaire, 
d'ou il resulte que ladite longueurphysique de ladite 
premiere trace conductrice est inferieure a une lon- 

55 gueur electrique pour ladite premiere trace conduc- 
trice. 

10. Antenne de type monopdle irnprimee selon la re- 
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vendication 9, ladite partie non Iin6aire de ladite 
premiere trace conductrice ayant une configuration 
d'onde carree. 

11. Antenne de type monop6le imprimee selon la re- 
vendication 1 , comportant en outre un acces pour 
source primaire (38) comportant une partie formant 
source primaire de signal (36) et une partie formant 
masse (46), ladite partie formant source primaire de 
signal eta nt coup lee a ladite extremite formant sour- 
ce primaire de ladite premiere trace conductrice et 
ladite partie formant masse etant coup lee a ladite 
extremite de mise a la masse de ladite seconde tra- 
ce conductrice. 

12. Antenne de type monopole imprimee selon la re- 
vendication 1 1 , dans laquelle ledit acces pour sour- 
ce primaire comprend un connecteur coaxial. 

13. Antenne de type monopole imprimee selon la re- 
vendication 1, dans laquelle ledit element rayon- 
nant de type monopole a une longueur electrique 
sensiblement equivalente a ladite longueur physi- 
que de ladite premiere trace conductrice. 

14. Antenne de type monopole imprimee selon la re- 
vendication 1, dans laquelle la longueur physique 
de ladite seconde trace conductrice est interieure a 
la longueur physique de ladite premiere trace con- 
ductrice. 

15. Antenne de type monopole imprimee selon la re- 
vendication 1, dans laquelle la longueur electrique 
de ladite premiere trace conductrice est approxima- 
tivement equivalente au quart de la longueur d'onde 
d'une frequence centrale souhaitee pour le fonc- 
tionnement de I'antenne. 

16. Antenne de type monopole imprimee selon la re- 
vendication 1, dans laquelle la longueur electrique 
de ladite premiere trace conductrice est approxima- 
tivement equivalente a la moitie de la longueur d'on- 
de d'une frequence centrale souhaitee pour le fonc- 
tionnement de I'antenne. 

17. Antenne de type monopole imprimee selon la re- 
vendication 1 , comportant en outre : 

(a) une seconde carte de circuit imprime (52) 
ayant une premiere face (54) et une seconde 
face, ladite seconde carte de circuit imprime 
etant espacee de ladite premiere carte de cir- 
cuit imprime de telle facon que ladite premiere 
face de ladite carte de circuit imprime soit ad- 
jacente a ladite seconde face de ladite seconde 
carte de circuit imprime ; et 

(b) une troisieme trace conductrice (50) formee 
sur ladite premiere face de ladite seconde carte 



de circuit imprime; 

dans laquelle ladite premiere trace conductri- 
ce a une longueur electrique resonante a I'interieur 
5 d'une premiere bande de frequences et ladite troi- 
sieme trace conductrice a une longueur electrique 
resonante a I'interieur d'une seconde bande de fre- 
quences. 

10 18. Antenne de type monopole imprimee selon la re- 
vendication 1 , comportant en outre une troisieme 
trace conductrice (50) formee sur ladite premiere 
face de ladite carte de circuit imprimee de facon ad- 
jacente a ladite premiere trace conductrice, ladite 

is premiere trace conductrice ayant une longueur 
electrique resonante a I'interieur d'une premiere 
bande de frequences et ladite troisieme trace con- 
ductrice ayant une longueur electrique resonante a 
I'interieur d'une seconde bande de frequences. 

20 

19. Antenne de type monop6le imprimee selon la re- 
vendication 1 , comportant en outre un element pa- 
rasite (56) forme sur ladite seconde face de ladite 
carte de circuit imprime, ledit element parasite etant 

25 situe a ladite extremite opposee de ladite seconde 
trace conductrice, ladite premiere trace conductrice 
ayant une longueur electrique resonante a i'inte- 
rieur d'une premiere bande de frequences et ledit 
element parasite accordant ladite premiere trace 

30 conductrice a une resonance secondaire a I'inte- 
rieur d'une seconde bande de frequences. 

20. Antenne (10) destinee a un dispositif de communi- 
cation, un boitier (48) pour ledit dispositif de com- 

35 munication definissant un plan de masse (21), 
comportant : 

(a) un acces pour source primaire (36) compor- 
tant une partie formant source primaire de si- 

40 gnal (36) et une partie formant masse (46) ; 

(b) une carte de circuit imprime (1 2) ayant une 
premiere face (14) et une seconde face (16) ; 

(c) un element rayonnant de type monop6le 
comportant une premiere trace conductrice 

45 etroite (1 8) form6e sur ladite premiere face de 

ladite carte de circuit imprime, ladite premiere 
trace conductrice etroite ayant une longueur 
physique allant d'une extremite formant source 
primaire coup!6e a ladite partie formant source 

50 primaire de signal dudit acces pour source pri- 

maire, a une extremite opposee ; 

(d) un element conducteur comportant une se- 
conde trace conductrice (20) plus large que la 
premiere trace conductrice etroite form6e sur 

55 ladite carte de circuit imprime de facon paralle- 

le etsuperposee a une partie de ladite premiere 
trace conductrice etroite, ladite seconde trace 
conductrice ayant une longueur physique allant 
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d'une extremite de mise a la masse couplee a 
ladite partie formant masse dudit acces pour 
source primaire, a une extr6mit6 opposee, la- 
dite extremite de mise a la masse de ladite se- 
conde trace conductrice etant situee a la m£me 5 
extremite que ladite extremite formant source 
primaire de ladite premiere trace conductrice ; 

ladite seconde trace conductrice prolongeant 
le plan de masse au-dessus de I'extremite formant 10 
source primaire (26) de ladite premiere trace con- 
ductrice etroite et une extremite opposee de ladite 
seconde trace conductrice definissant un point for- 
mant source primaire virtuelle (22) de I'antenne af in 
d'accroTtre atnsi la largeur de bande a Tinterieur de 15 
laquelle resonne I'element rayonnant de type mo- 
nopole. 

21 . Antenne selon la revendication 20, dans laquelle la- 
dite seconde trace conductrice empeche des cou- 20 
rants de rayonner sur la partie de ladite premiere 
trace conductrice qui est alignee avec ladite secon- 
de trace conductrice. 

22. Antenne selon la revendication 20, dans laquelle la- 25 
dite seconde trace conductrice est formed sur ladite 
seconde face de ladite carte de circuit imprime. 

23. Antenne selon ia revendication 20 , dans laquelle la- 
dite seconde trace conductrice est dimension nee 30 
de facon a assurer une adaptation d 1 impedance 
avec ladite premiere trace conductrice. 

24. Antenne selon la revendication 20, dans laquelle la 
longueur physique de ladite seconde trace conduc- 35 
trice est dimensionnee de fagon a assurer une 
adaptation d'impedance avec ladite premiere trace 
conductrice. 

25. Antenne selon la revendication 20, dans laquelle ia 40 
partie de ladite premiere trace conductrice qui est 
alignee avec ladite seconde trace conductrice est 
non lineaire. 
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